Lipid assembly at mineral surfaces is a poorly understood phenomenon that reflects underlying lipid-lipid and lipid-substrate interactions, both of which are expected to be sensitive to hydration/dehydration cycles and have the potential for significant environmental impacts. Organic matter derived from plants and microbes represents a large and poorly constrained terrestrial carbon pool that is stabilized through the interaction with mineral surfaces via an unknown mechanism. The lipid fraction is particularly interesting as it impacts parameters such as soil water repellency and its assembly on mineral surface may inhibit digestion by microbial attack and consequent mobilization of carbon. Furthermore, determination of molecular-scale interaction mechanisms of lipids and mineral surfaces may help elucidate the role of minerals in formation of pre-biotic membranes. To understand lipid-mineral interaction and assembly, as well as the impact of hydration/dehydration cycles, we are using infrared spectroscopy and atomic force microscopy (AFM) to observe humidity-dependent conformation and morphology for model systems of DOPC, DSPG, and DSPE on mica, montmorillonite, and kaolinite. Lipid morphology observed via both fluorescence and AFM is found to be heterogeneous in both liquid and air, with some dependence on the type of lipid headgroup. AFM data also suggest that bilayers are the dominant unit of dry lipid structures on mineral surfaces, contrasting prior hypotheses in the soil science field for transformation to monolayer structures. Preliminary measurements of contact angle vs lipid coverage suggest both a sharp increase in hydrophobicity at low coverage and oscillatory variations as coverage is increased beyond that of a full bilayer. Changes are seen in both photoinduced force microscopy and attenuated total reflectance infrared spectroscopy with varying humidity that may reflect changes in conformation. The relationship between these changes and both contact angle and soil water repellency are the subject of current research.
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Membrane Fusion as a Function of Normal Forces and In-plane Tension Andreas Janshoff. Chemistry, Institute of Physical Chemistry, Goettingen, Germany. Membrane fusion of lipid bilayers is prevented by substantial energy barriers arising from removal of the hydration shell, formation of highly curved structures and eventually fusion pore widening. We measured the impact of normal and tensile forces on the fusion efficiency of two bilayers in the presence of SNAREs. Force-dependent lifetime of fusion intermediates were measured by means of membrane coated silica spheres serving as force probes in contact with supported lipid bilayers. Analysis of time traces obtained from force clamp experiments allowed us to assign different intermediate states during fusion. Force-dependent lifetime distributions of the various fusion states pave the way to determine the free energy barriers related to the passing of the hydration barrier, hemifusion and full fusion, the area of the transition state and the zero-force lifetime of intermediates in SNARE-mediated membrane fusion. We also investigated the tension-dependency of fusion using two different strategies. One is based on dilatable supported bilayers and the other one employing sessile giant liposomes. In both approaches fusion efficiency increases considerably with lateral tension and we identified a threshold tension at which the number of fusion events is increased substantially. . Ca 2þ binding to Syt1 allows non-polar residues nearby the Ca 2þ binding sites to insert into the membrane. While these mechanisms are relatively well-accepted, the precise biochemical and biophysical mechanisms for the Syt1 Ca 2þ trigger remain unclear. In this work, we directly measure the interactions of Syt1-coated surfaces with anionic membranes including PS and PIP2 lipids by the surface forces apparatus technique, in order to mimic a Syt1-coated synaptic vesicle membrane interacting with the anionic plasma membrane. We perform site directed mutagenesis of the Ca 2þ binding sites of C2A and C2B, along with the polybasic patch in C2B, to fully map the sitebinding energetics of Syt1 with membranes, both in the absence and presence of divalent ions. The addition of Ca 2þ leads to a dramatic increase in the binding energy, around 10 k B T, due to the insertion of the hydrophobic C2B Ca 2þ loop into the membrane. The results illuminate a passive role for C2A and a strong-binding, active role for C2B.
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Ines L€ uchtefeld, Tomaso Zambelli, Janos Vörös. Institue for Biomedical Engineering, ETH Zurich, Z€ urich, Switzerland. The fusion of the lipid membranes of cells with those of vesicles plays an important role in many essential physiological processes such as the neurotransmitter release at neural synapses. However, the mechanisms behind these membrane fusion events are poorly understood due to a lack of appropriate methods to facilitate their investigation. All available methods to date use supported or floating artificial lipid bilayers instead of free vesicles, and thus do not provide a physiological model of the fusion processes. Here, we propose a novel experimental system for the investigation of the forces acting during the membrane fusion of vesicles with lipid bilayers or cell membranes. The system consists of an atomic force microscopy (AFM) cantilever with an integrated microfluidic channel, namely the FluidFM. By applying negative pressure to the channel, objects like polystyrene beads can be attached reversibly to the cantilever opening. Additionally, the described system provides the possibility to reversibly attach a membrane vesicle to the tip of the cantilever. These vesicles can be either composed of artificial lipid bilayers with integrated membrane proteins or of native vesicles extracted from cell solutions. By approaching the cantilever with the attached vesicle to the substrate, the interaction between vesicle and substrate can be investigated. The force feedback of the AFM system thus facilitates precise measurements of the forces acting during the observed fusion events. One application for the experimental system described above is the investigation of the SNARE-mediated vesicle docking and fusion at the presynaptic button. Once established, a system for force controlled approximation of (native) vesicles to lipid membranes would thus enable the investigation of a multitude of interesting biological and biophysical questions and might bring new insights in many areas including neuroscience. Synthesis of a twenty-one residue peptide derived from the synaptosomal protein Synaptotagmin (sequence residues 72 -92) using Fmoc chemistry with Cysteine carrying side-chain thioether linked palmitate was used to characterize the structure and activity of the lipo-peptide with multilayer phospholipid vesicles having POPC and POPS composition representative of synaptosomal membranes. The peptide dissolved freely in chloroform, methanol, 1% formic acid in water (4/4/1; v/v) and its primary structure was analyzed by highresolution electrospray-ionization mass spectrometry confirming accurate synthesis. Both collisionally activated and electron-capture dissociation (CAD/ ECD) techniques provided complementary information on fatty acylation sites. Secondary structure analysis of the peptide after reconstitution in multilayer vesicles using FTIR -ATR spectroscopy indicated that the dominant conformation of the peptide in this environment was extended beta sheet. We Wednesday, February 21, 2018 607a
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